Abstract
Introduction
Most scientific problems and physical phenomena occur nonlinearly. Except in a limited number of these problems, we have difficulty in finding their exact analytical solutions. Therefore, there have been attempts to develop new techniques for obtaining analytical solutions which reasonably approximate the exact solutions [1] . In recent decades, numerical calculation methods were good means of analyzing the nonlinear equations; but as the numerical calculation methods improved, semi-exact analytical methods did, too. Most scientists believe that the combination of numerical and semi-exact analytical methods can also end with useful results. The investigation of convective heat transfer in fluid-saturated porous media has many important applications in technology geothermal energy recovery such as oil recovery, food processing, fiber and granular insulation, porous burner and heater, combustion of low-calorific fuels to diesel engines and design of packed bed reactors. Many problems have been investigated about external natural convection in a porous medium adjacent to heated bodies [2] [3] . In these analyses, the boundary layer approximations are applied to the problem of external natural convection and also it is assumed that Darcy law approximations are applicable. The coupled set of governing equations was solved by numerical methods or analytical solution. A great deal of information is available on heat and fluid flow about such cones as reviewed by Ref. [2] [3] [4] . In this paper the same approximations are applied to the problem of natural convection about an inverted heated cone embedded in a porous medium of infinite extent. No similarity solution exists for the truncated cone, but for the case of full cone similarity solutions exist if the prescribed surface heat flux or surface heat flux is a power function of distance from the vertex of the inverted cone [2, 5] .As we know Perturbation method is one of the well-known methods to solve nonlinear problems; it is based on the existence of small/large parameters, the so-called perturbation quantity [6, 7] . Many nonlinear problems do not contain such kind of perturbation quantity, and we cannot use perturbation methods, such as the artificial small parameter method [8] , the δ-expansion method [9] , the Adomian's decomposition method [10] , the homotopy perturbation method (HPM) [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] , and the variational iteration method (VIM) [30] [31] [32] [33] . In this study, we have applied VIM to find the analytical solutions of nonlinear ordinary differential equations arising from similarity solution of natural convection of Darcian fluid about a vertical full cone embedded in porous media, and have made a comparison with numerical solution, which is solved by MATLAB software [34] command ODE45 with the shooting procedures for the systematically guessing of the missing initial conditions. 
Mathematical Formulation:
Consider an inverted cone with semi angle γ and take axes in the manner indicated in Fig. 1 . The boundary layer develops over the heated frustum x = x 0 . In terms of the stream function ψ defined by:
The boundary layer equations are: For a thin boundary layer we have approximately r = x sin (γ). We suppose that either a power law of temperature or a power law of heat flux is prescribed on the frustum. Accordingly, the boundary conditions are:
For the case of a full cone (x 0 = 0, fig. 1(b) ) a similarity solution exists.
In the case of prescribed wall temperature, we let: 
Finally from eqs. (6) and (7) we have:
It is of interest to obtain the value of the local Nusselt number which is defined as:
From eqs. (4), (5) and (9) To clarify the basic ideas of He's VIM, we consider the following differential equation:
Where L is a linear operator, N a nonlinear operator and g(t) an inhomogeneous term.
According to VIM, we can write down a correction functional as follows:
To solve eq. (8), using the VIM, we have the correction functional as
So finally we have 
So now for different amounts of λ and g, we can compare the answers. 
Results and discussion
The results for f'(g) have been shown in fig. 2 with selected λ as 0, 1/4, 1/3, and it is seen that increasing these amounts, makes more inclination from the main answer, and also the trend confirms the boundary condition which is applied by being near zero in infinity. Additionally there is a comparison between the VIM solution and numerical solution in tab. 2 and fig. 3 . Here nonlinear differential equation arising from similarity solution of inverted cone embedded in porous medium has been studied using variational iteration method. The comparison with numerical results and convergence study shows that by increasing the number of order, the accuracy of the solution increases. Some of the advantage of VIM are that reduces the volume of calculations with the fewest number of iterations or even in some cases, once, it can converge to correct results. The proposed method is very simple and straightforward. In our work, we use the Maple Package to calculate the functions obtained from the variational iteration method.
